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The main highlights of the research are:
- Defining the most economically suitable and sustainable standalone power supply system for a 
remote town in Western Australia.
- Analyzing the cash flow for the proposed system and comparing it with the one of the existsing 
system over the project life,
- Considering the impact of uncertanities and load growth on the results for the selected system.
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9 Abstract-The main focus of this paper is to select an economically suitable sustainable standalone power supply 
10 system for a remote off-grid town in Western Australia. Existing power systems of such remote towns in Australia 
11 have adverse environmental impacts and contribute to global warming due to the utilization of fossil fuels, 
12 especially diesel and gas. The possible electricity supply systems for such towns can vary from a diesel/gas 
13 generator towards a hybrid system composed of a generator, wind turbine, photovoltaic system, and battery 
14 energy storage. In order to limit the cost of the system and to propose the most economically feasible solution, 
15 various combinations of supply systems are considered. These systems are analyzed in this paper by the help of 
16 HOMER software to determine the optimal architecture and the control strategy of the supply system. This study 
17 has used real demand data of the town, as well as the prices of different electrical components in the Australian 
18 market. The scenario which yields the minimum cost of energy is defined and suggested. Also, a decision-making 
19 based technique is proposed to help the local electricity utility in finding the suitable solution in the case of budget 
20 limits on the investment and annual operation and maintenance. Another aim of this analysis is to investigate and 
21 illustrate the impact of a small annual load growth on the size of the selected components for the selected power 
22 system, as well as the total net present cost and the cost of electricity. A sensitivity analysis is also performed to 
23 analyze the impact of uncertainties of some of the parameters in the outcome of the study to obtain the optimized 
24 cost of the selected system.
25 Keywords-Standalone power supply system, Remote town, Cost of energy, Net present cost.
26 1. Introduction
27 In the majority of the countries around the world including Australia, electricity utilities have experienced a 
28 sustained increase in the electrical demand in the last decade, which is predicted to continue in the future years [1-
29 3]. For this reason, they are adding new power plants into their existing electric systems or modernizing the 
30 electricity generation and distribution techniques to cope up with this increasing demand. As a result, in the last 
31 decade, the end-users of electricity systems have experienced a sustained increase in their electricity tariffs and 
32 bills [4]. On the other side, renewable energy-based resources are being utilized more and more in the electric 
33 systems, mainly due to concerns about environmental pollution, energy crisis, and technical developments which 
34 yield cheaper and more reliable electricity from these resources [5]. In the electric networks of some countries 
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1 such as Australia, Germany, and Spain, and especially in their distribution networks, renewable energy resources 
2 such as solar and wind have found a large penetration [6-7]. The power sector all around the world is leading the 
3 way towards a decarbonized energy systems, and it is anticipated that with such a trend, the CO2 emissions 
4 corresponding to electricity generation will decrease to 20% of the current rate in 2040 [8]. It is also expected that 
5 electricity is going to be more affordable with respect to the gross domestic product in most regions [8]. Even 
6 though the wind and solar power are experiencing rapid development as promising clean energy resources, their 
7 generated power is intermittent. Therefore, energy storage systems such as batteries are accompanying wind 
8 turbines (WT) and photovoltaic units (PVs) to overcome the rapid and frequent intermittency of their output 
9 powers [9]. The application of battery energy storage (BES) systems facilitates a consistent power generation by 
10 renewables and a steady supply of electricity to the users [10-12]. Combining the suitable energy resources along 
11 with defining their ratings and operation strategies have been the focus of recent research, and different new 
12 techniques have been proposed in the literature to enhance the performance of such systems by proper placement 
13 and planning while minimizing the cost of the distribution network and satisfying system technical constraints 
14 [13].
15 In Australia, the existing power system can be considered as a prime cause for current greenhouse or global 
16 warming effects as more than 75% of the energy is produced from fossil fuels. In 2007-08, Australia’s energy 
17 production was dominated by coal, which accounted for 54% of total Australian energy production, followed by 
18 uranium with a share of 27% and natural gas with a share of 11%. Australia’s abundance of coal has helped to 
19 keep energy prices low, and more than three-quarters of the country’s electricity is generated by coal-burning 
20 plants. However, its dependency on coal-fired power gives it one of the world’s highest greenhouse gas emission 
21 rates per capita [14-16]. In contrast, renewable energies can be used as the panacea for solving the climate change 
22 or global warming problems as they are free from greenhouse gas emissions. There is unprecedented interest in 
23 renewable energies, particularly the solar and wind energy, which provide electricity without increasing the CO2 
24 emissions. Therefore, there is a critical need for a robust and sustainable power transmission and distribution 
25 system which is reliable and environment-friendly, to overcome various problems associated with the existing 
26 power system. Currently, 15-20% of the world’s total energy demand is covered by renewable energies. Over the 
27 last 15 years, renewable energy has experienced one of the largest growths in percentage terms. The world’s 
28 renewable energy production share was calculated as 19% in 2007. However, 16% was due to hydroelectric 
29 power generation; hence, wind and solar (the most promising renewable energies) contributed a very modest 
30 power generation [17]. Around 7% of the Australian electricity generation is provided by renewable energy, with 
31 4.5% sourced from hydro-electricity, while wind energy contributes 1.5% of the total energy production. Thereby, 
32 it is necessary to modernize the Australian environmental policy to build a climate-friendly environment for the 
33 future and to bring a higher percentage of renewable energies into the energy mix [18].
34 The state of Western Australia (WA) is generously endowed with renewable energy resources, mainly the solar 
35 and wind. Except Perth, which is the state’s capital, the remaining population of the state inhabit in numerous 
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1 small and remote towns. The electrical demand of each of these towns is usually supplied by a stand-alone off-grid 
2 power supply system (resembling an islanded microgrid) [19-21]. For each of such towns, the main sources of the 
3 energy are diesel/gas-based generators. However, solar energy is generously available in the majority of those 
4 towns, especially the ones distributed in the outback of the state while wind energy is plentiful in the towns in its 
5 coastal areas. Consequently, these towns have a chance of supplying a significant portion of the electrical demand 
6 from the available renewable energies [22]. Currently, renewable energies are supporting WA to meet its 
7 community’s long-term energy requirements, while supporting the growing economy. However, they consist of 
8 only a small percentage of the total electricity generation of the State. In 2012-13, only 4.4% of its total electricity 
9 generation came from renewable sources; while the state has recorded rapid growth in electricity consumption 
10 with an annualized growth rate of 5%, over the 10 years before that [23]. WA has a goal to reduce its gas emissions 
11 by 60% until 2050. To achieve this target, the Government of WA supports investments in renewable energy 
12 sector to bring a clean energy future for Australia. Many renewable energy projects are currently being 
13 investigated, or under commissioning, in order to help WA to contribute 20% renewable energy-based electricity 
14 generation by 2020 (the national renewable energy target) [24].
15 The primary focus of this paper is to design an economically-suitable and sustainable, standalone hybrid 
16 system for an off-grid and remote town in WA and to evaluate the impact of such systems on the cost of electricity 
17 generation for the local utilities. After selecting the most feasible system, another focus is to study the incidence of 
18 the load growth on the outcomes of the selected system. As the load is growly gradually, the components of the 
19 selected system need to be chosen accordingly to cope up the growing load demand of the town. Currently, the 
20 supply of electricity to the customers of the town is not a profitable trade for the local electricity utility, Horizon 
21 Power, due to higher value of the total cost of energy (COE) compare to the existing electricity tariff. Therefore, the 
22 government has to pay a significant subsidy annually. In this study, different scenarios are taken into consideration 
23 for the selected town to improve the power supply system from a diesel generator (DG)-based system into a 
24 sustainable hybrid one. For this purpose, one or more types of renewable energies are considered. To propose the 
25 most economically feasible solution and to limit the cost of the selected system, different supply systems are 
26 analyzed by HOMER software [25-26]. Because of its simplicity and effectiveness, HOMER is one of the common 
27 software tools that is used in the design of renewable energy systems [27-28]. The software contains a simulation 
28 tool that simulates the operation of a hybrid microgrid, an optimization tool that examines the possible 
29 combinations of system types and sorts the systems according to the optimal variety of choices, as well as a 
30 sensitivity tool that considers uncertainties [29]. The cash flow summary of each studied supply system is 
31 obtained which is used for the optimal cost allocation of each component in the system [30]. To suggest the most 
32 suitable systems, the primary considerations of this analysis are the minimum COE, the net present cost (NPC), and 
33 the emissions [31-33]. The real demand data of the town, as well as the prices of different electrical components in 
34 the Australian market, are utilized in this study.
35 The rest of the paper is organized as follows: Section 2 introduces the electricity supply systems in Australian
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Fig. 1. (a) Remote and urban areas of WA, (b) WA’s areas of varying geographic remoteness, (c) WA’s population 
density, and (d) Change in WA’s population.
1 remote areas briefly, while the remote town, for which this study is being conducted, is presented in Section 3. The 
2 considered standalone power systems are discussed in Section 4 while Section 5 gives the numerical studies 
3 conducted by HOMER and the analysis of the results. The main findings of the research are highlighted in the last 
4 Section.
5 2. Electricity Supply in Australian Remote Areas
6 Remote areas of Australia are defined by Australian Standard Geographical Classification, with respect to the 
7 physical road distance to the nearest town or service center, and is shown in Fig. 1a [34], which constitutes 86% of 
8 the country. Fig. 1b shows WA’s map and illustrates the regional, remote, very remote areas of the state 
9 individually [35]. As it is seen from this figure, over 95% of the state is categorized under these classifications. Fig. 
10 1c illustrates the resident population density in different parts of WA (between 2001–2011). This figure reveals 
11 that the population density in remote and very remote areas of WA is below 10 people per square kilometer. As 
12 per Australian Bureau of Statistics, 63% of the Aboriginal and Torres Strait Island people in Australia live in 
13 remote and very remote areas, including those of WA. Fig. 1d depicts the increase in the number of the inhabitants 
14 of WA during 2001-2011 [36] and reveals that the population of Perth, the state’s capital, has increased at a rate of
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Fig. 2. (a) Australian off-grid map and (b) Australia off-grid electricity generation systems.
Fig. 3. Comparison of the cost of electricity generation between DG and PV systems.
1 26.2% while on average, the population of the rest of the state has increased at a rate of 15.8% [36].
2 Due to long distances between the remote towns and the existing power lines, which are close to urban towns 
3 and cities with high electricity consumption, as well as the low population and small level of electricity demand in 
4 remote towns, the construction and expansion of electricity networks to remote areas is not cost effective for the 
5 utilities. As a result, the electricity grid of Australia is only available in some limited areas; i.e. the eastern and 
6 southern parts of Australia, referred to as the national electricity market (NEM), and the southwest of WA, referred 
7 to as the Southwest interconnected system (SWIS). The NEM grid gives an entirely interconnected transmission 
8 network, allowing determined market power flows across the Australian Capital Territory, New South Wales, 
9 Queensland, South Australia, Victoria, and Tasmania. It accounts for around 90 % of total electricity supply in 
10 Australia and supplies 19 million residents and around 199,000 GWh annually [37]. The SWIS grid in WA supplies 
11 approximately 17,900 GWh annually to 910,000 inhabitants. For the other parts of Australia, the utilities generate 
12 electricity locally, referred to as off-grid electric systems, as depicted in Fig. 2a [38] while Fig. 2b illustrates the 
13 different types of off-grid generation in Australia [39]. In such situations, gas and diesel-based generations are the 
14 most common methods of generating electricity. The major problems of such electricity generation systems are 
15 the fuel price, fuel transportation by extra-long fuel trucks (known as road trains), difficulty of fuel transport
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Fig. 4. Location of the selected off-grid town, Laverton.
1 through seasonally impassable routes, the necessity and cost involved in building and expanding the gas pipelines, 
2 and CO2 emissions. Petrol sniffing is one of the other issues that is observed in the indigenous communities of 
3 remote Australia and has forced Australian government to subsidize the production of opal petrol, a non-sniffable 
4 fuel [40].
5 Considering the fact that Australia has high potential for electricity generation from renewable energy 
6 resources such as solar and wind, and considering the modern technical knowledge for generating electricity from 
7 such resources, expansion of highly efficient energy harvesting techniques as well as the reduced costs of such 
8 facilities, it is anticipated that the renewable energy-based resources take a larger portion of electricity production 
9 in Australian remote areas. Fig. 3 provides a comparison between the cost of generated electricity by a solar 
10 system and a DG in the last 10 years till 2020 [39]. The figure illustrates, at this time, it’s cheaper to produce 
11 electricity from renewable energy sources like PVs than the existing DGs in many off-grid regions. As an example, 
12 Horizon Power, the electric utility supplying remote areas of WA, has calculated the cost of electricity generation 
13 by their diesel and gas generators in remote locations respectively about 50 and 35 cents per kiloWatt per hour 
14 (¢/kWh) while they expect the cost of electricity production from a hybrid system to be much lower.
15 3. Considered Remote Town
16 This paper focuses on the off-grid and remote town of Laverton (28°37.5’S, 122°24.4’E) in the Goldfields-
17 Esperance region of WA, located at the western edge of the Great Victoria Desert, 957 kilometers north-northeast 
18 of Perth (see Fig. 4). This town is currently supplied by a DG. The fuel cost and its transportation are the main 
19 issues that the local electricity utility, Horizon Power, is challenging with. Currently, the small and medium/large 
20 business customers of the town are charged at 29.4 and 33.9 ¢/kWh, respectively, while the residential customers 
21 are charged at 25.7 ¢/kWh [41]. Thereby, the supply of electricity to the customers of the town is not beneficial for 
22 the local utility, as the total COE generation is higher than the electricity tariff based on which the customers pay 
23 back to the utility. 
24 Laverton has a total peak load consumption of 1,321 kW and an annual average energy consumption of 9,977 
25 kWh per day. Fig. 5a illustrates the demand profile of Laverton over 2015 and every 24 hour period while Fig. 5b
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Fig. 5. Load demand profile of Laverton in 2015.
Fig. 6. (a) Historical average daily solar radiation, and (b) Historical average wind speed for Laverton.
1 illustrates the minimum, maximum, and average of the demand for each month. These figures show that Laverton 
2 has an average demand of approximately 400-600 kW throughout the year while it can observe a demand of above 
3 1000 kW from December to February, especially in the evenings.
4 The climate of Laverton is semi-arid with mild to cool winters and hot summers, and the maximum mean daily 
5 temperature varies between 17C in July to 36C in January [42]. For wind speed and solar radiations, Laverton has 
6 a good profile. From the NASA database over a 22-year period (1983- 2005), the monthly average solar radiation 
7 for Laverton, is as depicted in Fig. 6a. This figure illustrates that in different months of the year, the average solar 
8 radiation varies between 4 to 8 kWh/m2 per day. In addition, it is seen that the average solar energy radiation is at 
9 the highest level from September until March. The monthly average wind speed data for Laverton, also taken from 
10 the NASA database over a 10-years period (1983-1993), is as shown in Fig. 6b. It can be seen that Laverton has an 
11 average wind speed of 5-7 m/s throughout the year [43].
12 4. Considered Hybrid Standalone Power System
13 The considered standalone power supply for Laverton consists of a PV system, WTs, and a BES system. As the 
14 production of electricity using renewable resources is random in nature, there is a chance of complete outage of re
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Fig. 7. Schematic diagram of hybrid microgrid system.
1 sources. To overcome this situation, a DG is also connected to the system to generate the required extra power 
2 during energy deficiency periods. The PV and BES systems are attached to a dc bus whereas the loads, the WTs and 
3 the DG are assumed to be linked to the ac bus. Thereby, a bi-directional power electronics-based converter is 
4 needed to convert the dc voltage generated by the PV and BES system to the ac voltage, and also to charge the BES 
5 from the ac bus [44-45]. Fig. 7 shows the schematic diagram of the considered hybrid power supply system. The 
6 BES is assumed to be initially charged with the help of the PV and the WT, and the load is fed with this power being 
7 converted through the converter. The DG runs at its full capacity whenever required while its surplus power will 
8 be fed to the BES until it reaches its maximum capacity.
9 The total NPC represents the life cycle cost of the system. It includes the initial cost of the system components, 
10 the cost of any component replacements that occur within the project lifetime, the cost of maintenance and fuel. It 
11 is the combination of all costs and revenues that occur within the project life, with future cash flows discounted to 
12 the present. The NPC is calculated by
CRF
CNPC ann (1)
13 where  is total annualized cost (i.e., the sum of the annualized costs of each system component), and CFR is annC









15 where i is annual interest rate or real discount rate (%), which is used to convert between one-time costs and 









17 where i' is the nominal discount rate (%), which represents the rate at which one can borrow money [29], and f is 
18 the expected inflation rate over the project life (%).
19 The COE is the average cost per kWh of useful electrical energy produced by the system. To calculate the COE, 
20 the annualized cost of producing electricity is divided by the total served electrical demand.
21 In this study, the real interest rate is considered to be 7% [46], the project lifetime is taken to be 25 years, and 
22 the inflation rate is assumed to be 2% on average during the project life [47]. 
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Fig. 8. Output power profile of the considered WTs versus the wind speed.
Fig. 9. (a) Considered DG fuel flow curve and (b) DG efficiency curve.
1 The considered PV modules in this study are the range of 100 to 3,000 kW. A WT of 275 kW (model GEV MP-C) 
2 has been considered [48]. The starting wind speed of the considered WT is 4 m/s and its cut off wind speed is 12.5 
3 m/s as seen in the WT power-wind speed profile of Fig. 8 [43]. The DG is considered to be in the range of 100 to 
4 2000 kW. The minimum loading of the DG is assumed to be 25% of its nominal capacity while the fuel 
5 consumption and efficiency of the DG with respect to its output power [49-50] are shown in Fig. 9. Fig. 9a 
6 illustrates that the DG fuel consumption (L/hr) is increasing linearly on the output power while the efficiency of 
7 the DG increases above 40% when its output power is above 100 kW. The Trojan IND17-6V BES system has been 
8 considered [51], and the quantity of BES systems have been assumed in the range of 100 to 3,000. Also, a GTP503S 
9 Leonics converter [52] in the range of 100 to 1,500 kW is taken into account. More technical parameters and the 
10 costs for PV, WT, BES, DG and converter are listed in Table 1.
11 5. Decision-Making
12 The COE can be considered as the principle criterion in selecting the most economically suitable system over 
13 the life length of the project. However, electricity utilities may have other limits such as the budget concerns on the 
14 initial investment or the annual O&M costs. Therefore, in general, the most suitable solution can be defined using a 
15 multi-criteria decision-making technique based on which a utility can consider different criteria for the selection, 
16 each with a different weighting. For the case of this study, either of the total initial capital cost, total O&M cost, 
17 total NPC, and the total COE can be considered as a criterion. Utilities can then apply different weightings for each 
18 criterion based on the importance of each factor for them.
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1 Table 1. The considered costs of the components in Australian dollars ($) and parameters.
PV WT
Capital cost [53] 1.3 $/W Capital cost [55] 350 k$
Operation & maintenance (O&M) cost [46] 40 $/kW/Year O&M cost 1.5 k$/year
Lifetime 25 Years Capacity 275 kW
Derating factor 80 % Lifetime 20 years
Ground reflectance 20 % Starting wind speed 4 m/s
DG Cut-off wind speed 12.5 m/s
Capital cost[46] 400 $/kW BES
O&M cost [46] 0.01 $/hour Capital cost [46, 56] 1,500 $
Lifetime [46] 60,000 hours O&M cost [46] 30 $/year
Fuel price 1.1 $/liter Capacity 1,231 Ah
Converter Nominal voltage 6 V
Capital cost [46, 54] 1,000 $/kW Lifetime 20 years




3 The multi-criteria decision-making model prescribes a method for prioritizing and selecting the most favorable 
4 case (alternative) from a set of alternatives, denoted by A  {A1, A2, …, ANA}, based on a set of criteria, denoted by c  
5 {c1, c2, …, .}, where NA and NC respectively represent the number of alternatives and criteria. The corresponding cNc
6 normalized weightings for the criteria are denoted by w  {w1, w2, …, .} where ∑j wj = 1. The multi-criteria cNw








































8 where  represents the performance of alternative Au from the perspective of criterion cv. The matrix of (4) will 𝑥𝑢𝑣






























































11 The evaluation results for the alternatives, denoted by X  {X 1, X 2,…, }, are calculated asANX
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)(max uvvu xwX  (6)
1 where max(.) is the maximum function. Finally, the alterative with the minimum X has the highest priority and will 
2 be selected.
3 6. Numerical Studies and Analysis of Results 
4 To design the most economically feasible standalone power system for Laverton, eight different cases have 
5 been considered. Laverton is currently supplied by a DG. Also, the study of the solar irradiation and wind speed in 
6 the town illustrates a good potential for each of these resources to be considered as a source of electricity 
7 generation. On the other hand, due to the intermittency of solar and wind energies, a combination of either energy 
8 storages such as BES or DG with them is essential. Considering these facts, eight technically feasible cases can be 
9 considered to generate the required electricity for Laverton; i.e.,
10  Case-1: DG-based system only,
11  Case-2: WT-PV-BES: a Combination of WT and PV with BES,
12  Case-3: DG-PV: a combination of PV with DG,
13  Case-4: DG-WT-PV: a combination of PV and WT with DG,
14  Case-5: DG-PV-BES: a combination of DG and BES with PV,
15  Case-6: DG-WT: a combination of WT with DG,
16  Case-7: DG-WT-BES: a combination of DG and BES with WT,
17  Case-8: DG-WT-PV-BES: a combination of DG and BES with both PV and WT.
18 HOMER software has been used for this analysis and also to select the optimal sizing of the components of the 
19 hybrid standalone power supply system [58-60]. HOMER utilizes the real data of the electrical demand of the 
20 town, its historical wind speed and solar radiation, as well as the costs of each electrical component. It simulates 
21 thousands of system configurations, optimizes for lifecycle cost and generates results of sensitivity analyses on 
22 most of the inputs. For each value of the input, it repeats the optimization process, so it is possible to examine the 
23 effects of changes in the value on the results. The considered eight cases are introduced below:
24 Case-1 assumes that the standalone power system consists of a DG only. Case-2 considers a system composed 
25 of PV, WT and BES systems. Case-3 to 8 consider that the DG is used in combination with a PV system and/or WTs 
26 and/or a BES system. For each case, a combination which gives the minimum COE is selected. The most optimum 
27 results for each case (i.e., the optimal number and rating of each component) are summarized in Table 3. Fig. 10 
28 also presents a comparison between the values of COE, NPC, and the capital and O&M costs of each case. From this 
29 figure, it can be seen that the COE is 35.8 ¢/kWh and the NPC is approximately 15.1 million dollars (M$) over a 25-
30 year when Laverton’s demand is supplied by a DG only (case-1). The COE decreases to 32.5 and 28.6 ¢/kWh 
31 respectively when Laverton’s demand is fulfilled by a DG-PV and DG-WT combination. It is further reduced to 29.4 
32 and 25.4 ¢/kWh respectively when a suitable BES system is also taken into consideration. It can be seen from 
33 Table 3 that case-8 (consisting of a 700 kW DG, a 545 kW PV system, five 275 kW WTs, 275 BES systems of 1,231 
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Fig. 10. Comparison of the capital and O&M costs, the NPC, and the COE for the most optimal condition of each 
considered power system supply for Laverton.













1 DG 1,250 0 0 0 0
2 WT-PV-BES 0 2,750 9 3,000 1,200
3 DG-PV 1,025 1,000 0 0 500
4 DG-WT-PV 1,000 750 7 0 350
5 DG-PV-BES 750 1,000 0 250 600
6 DG-WT 1,000 0 6 0 0
7 DG-WT-BES 750 0 6 250 250
8 DG-WT-PV-BES 700 545 5 275 450
2
3 Ah, and a 450 kW converter) yields the minimum COE of 23.8 ¢/kWh and the minimum NPC of 12.3 M$. 
4 Although the current scenario of supplying Laverton by a DG only (case-1) has the highest COE and NPC, it has 
5 the minimum capital cost of 0.5 M$ but a large O&M cost of 109 k$. Comparing these data with case-8, it can be 
6 seen that the chosen combination of DG, WT, PV, and BES has a larger capital cost (3.60 M$) but a smaller annual 
7 O&M cost (81 k$). However, the initial capital cost of the proposed model is higher than the current scenario. 
8 Assuming the COE as the principle criterion in selecting the most economical system over the project life length, 
9 case-8 is found to be the best feasible option through numerous analyses, conducted for the studied town, when 
10 the considered inputs vary within a reasonable range. Indeed, if the inputs are varied significantly, other cases 
11 could have been selected as the most suitable case, depending on the assumed inputs.
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Fig. 11. The components’ NPC summary for case-1 (current situation) and case-8 (suggested solution).
Fig. 12. Monthly average electricity generation in the selected system.
Fig. 13. Annual DG output power for (a) the current system, and (b) the selected system.
1 Fig. 11 shows the distribution of the NPC for each component of the power system in case-1 (the current 
2 standalone system) with case-8 (the suggested standalone system). As seen from this figure, although the NPC of 
3 case-8 is about 20% less than the one of case-1, the majority of the NPC of the suggested system is due to the 
4 presence and operation of a DG. This is because a standalone power system without a DG needs a PV system, WTs, 
5 and a BES system with large quantities and/or ratings which further increases the NPC to 15.7 M$ (case-2). 
6 Fig. 12 demonstrates the monthly average electricity generation by case-8. This figure shows that wind energy 
7 has a significant contribution (approximately 51%) in the total generated energy of the selected hybrid standalone 
8 system while the DG and PV system provide respectively 31 and 18% of the total energy of Laverton.
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Fig. 14. Comparison of emissions between the existing and the selected systems.
Fig. 15. Sensitivity analysis result of COE with respect to the variation of the DG fuel price and project life for 
(a) the current system, and (b) the selected system.
1 Fig. 13a shows the amount of the generated power from the DG in the current system (case-1) while Fig. 13b 
2 shows this level in the selected system (case-8). It can be seen that the DG in case-1 continuously operates 
3 throughout the year and has an output power that varies between 300 and 1,400 kW. On the other side, the DG in 
4 case-8 has a maximum power production of 700 kW, and it turns off at middays in which the PV system generates 
5 power and has the highest electricity generation in the evening and night periods (between 6 pm to 6 am), due to 
6 the unavailability of the power from the PV system.
7 The use of renewable energy sources in the generation reduces the emission of CO2, SO2, and NOx in the 
8 atmosphere. Fig. 14 shows that the selected system (case-8) reduces the emissions approximately by 43% 
9 compare to the current system (case-1). In the proposed system, the DG operates for 4,732 hours annually which is 
10 about 50% less than the number of hours of operation of the DG in the current system. Accordingly, its fuel 
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1 consumption is 
Fig. 16. Sensitivity analysis result of COE for case-8 (suggested solution) with respect to the variation of the PV 
capacity, WT quantity and DG capacity.
2 reduced about 55% annually. Thereby, the proposed sustainable hybrid system not only reduces the COE but also 
3 reduces the emissions.
4 To evaluate the effect of uncertainties in each of the considered parameters for the analysis, a sensitivity 
5 analysis is performed. First, it is assumed that the diesel price for the DG may vary in the range of 1.1-1.5 $/liter, 
6 and the project life length may range from 20 to 30 years. Fig. 15 shows the COE for the current and selected 
7 systems in these conditions. It can be seen from this figure that an increase in the diesel price has a significant 
8 effect on the system’s COE as it increases almost linearly with respect to the fuel price. However, the project life 
9 does not affect the COE tangibly.
10 The sensitivity analysis is then repeated for the size of the power components. Fig. 16 illustrates the COE for 
11 the selected option as a function of DG rating, PV rating, and WT quantity. Fig. 16a illustrates that the COE is 
12 minimal when the total capacity of PV system and the DG capacity are both below 700 kW. However, the COE 
13 increases for other capacities of PV systems. It can be seen from Fig. 16b that the COE is minimal when 6-8 WTs 
14 are installed when the DG capacity is less than 1,500 kW. It can also be seen that the COE increases when the DG 
15 capacity is more than 1,500 kW for any number of WTs. Fig. 16c reveals that the COE is minimal when the total 
16 capacity of PV system is between 300-600 kW while less than 8 WTs exist. It can also be seen that the COE is high 
17 when the total capacity of PV system is above 600 kW irrespective of the number of WTs.
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2 Table 2. COE (¢/kwh) of all studied cases for various combinations of the inflation and discount rates.
Rates Case
Inflation Discount 1 2 3 4 5 6 7 8
5 35.196 32.798 31.455 27.874 28.513 27.678 24.207 23.133
6 35.281 35.082 31.946 28.460 28.981 28.203 24.839 23.795
7 35.368 37.445 32.444 29.063 29.465 28.698 25.489 24.469
8 35.455 39.884 32.871 29.672 29.951 29.177 26.114 25.163
1
9 35.543 42.398 33.311 30.220 30.438 29.669 26.703 25.859
5 35.109 30.528 30.941 27.230 28.040 27.096 23.520 22.408
6 35.193 32.710 31.436 27.852 28.495 27.655 24.183 23.108
7 35.800 37.200 32.500 29.500 29.400 28.600 25.400 23.762
8 35.363 37.304 32.419 29.027 29.436 28.670 25.451 24.428
2
9 35.449 39.714 32.841 29.630 29.918 29.144 26.074 25.115
5 35.025 28.381 30.441 26.542 27.573 26.540 22.858 21.712
6 35.107 30.465 30.926 27.212 28.027 27.079 23.501 22.388
7 35.189 32.624 31.418 27.829 28.477 27.633 24.159 23.082
8 35.273 34.857 31.897 28.402 28.935 28.152 24.777 23.730
3
9 35.358 37.165 32.395 28.992 29.408 28.643 25.413 24.389
5 34.943 26.349 29.956 25.820 27.130 25.922 22.225 21.009
6 35.023 28.341 30.432 26.528 27.565 26.530 22.846 21.699
7 35.104 30.404 30.912 27.194 28.014 27.064 23.482 22.368
8 35.186 32.539 31.400 27.805 28.460 27.612 24.135 23.056
4
9 35.269 34.748 31.874 28.374 28.913 28.128 24.747 23.699
3
Fig. 17. Sensitivity analysis result of initial capital cost, O&M cost, NPC, and COE for case-8 (suggested solution) 
with respect to the variation of the inflation rate and the discount rate.
4 Another interesting issue to be observed is the impact of the variations in the inflation rate and the discount 
5 rate on the costs. To this end, the sensitivity analysis is repeated for all cases in which the COE of each system is 
6 calculated for various inflation and discount rates. This result is provided in Table 2. As seen from this table, for 
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1 every combination of inflation and discount rates, case-8 provides the minimum COE and will be the selected case 
2 if a COE-based decision is made in determining the most suitable system. Also, the variations in the total initial 
3 capital cost, total O&M cost, total NPC, and COE of case-8 are recorded as shown in Fig. 17. It can be seen from this 
4 figure that the COE reduces gradually as the discount rate is reduced from 9 to 5% while the inflation rate is 
5 increased from 1 to 4%. This trend is similar for the variations of the total initial capital cost and the total NPC 
6 while it is different from the variations in the total O&M cost, which has a non-linear performance.
7 One of the major effects of the population growth is an increase in the load demand and accordingly the 
8 necessity of upgrading the current power generation system. WA is one of the fastest growing states in Australia, 
9 and its population is increased 3.3% in the period of 2012-2013 while in 2015 a growth of 1.3% is noted [61-62]. 
10 In this study, with the present population increase a load growth of 1-3% is considered in 25 years for Laverton; 
11 based on which the analysis is performed to find the load growth impact on the outcomes of the defined 
12 standalone power system. For this analysis, only the proposed suitable standalone system (case-8) is considered. 
13 Table 4 illustrates that for the current demand, the system consists of a 700 kW DG, a 450 kW converter, a 545 kW 
14 PV system, 5 WTs of 275 kW, and 275 BES systems of 1,231Ah, which result in a COE of 23.8 ȼ/kWh, the NPC of 
15 12.3 M$, the initial capital cost of 3.60 M$ and the O&M cost of 81 k$. The most optimized options of standalone 
16 hybrid systems for each case of load growth are also provided in Table 4. This table illustrates that due to the slight 
17 load growth of 1 to 3% over the life of the project, there is not any change in the size of the DG and the converter 
18 and the number of WTs. However, the size of the PV system has increased by 4%, and the number of the batteries 
19 is enlarged by 5%. On the other side, these small modifications have only resulted in a 3% increase in the NPC, 
20 1.4% growth in the initial capital cost and a 2.4% rise in the O&M costs over the project’s life. This study shows 
21 that the most economical solution considering a load growth of 3% does not affect the COE for the selected 
22 sustainable standalone system. Fig. 18 illustrates a comparison between the size of the selected electrical 
23 components or their numbers for each case of load growth. Moreover, the slight changes in the NPC, and the O&M 
24 cost due to load growth of 1–3% can also be compared in Fig. 19.
25





















- 700 545 5 275 450 23.8 12.300 3.600 81
1 700 565 5 280 450 23.8 12.500 3.630 82
1.5 700 555 5 275 450 23.8 12.500 3.610 82
2 700 550 5 280 450 23.8 12.600 3.620 82
2.5 700 560 5 290 450 23.8 12.600 3.640 83
3 700 565 5 290 450 23.8 12.700 3.650 83
27
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Fig. 18. Suitable combinations for each component under load growth.
Fig. 19. Comparison of considered sustainable system’s a) the NPC, and b) the O&M cost for different annual load 
growths.
1 In the above analyses, it was assumed that the COE is the principle criterion in selecting the most suitable case 
2 and since the COE of Case-8 was minimal, it was suggested as the selected option for Laverton over the next 25 
3 years. Now, let us evaluate the result of the selection of the most economically feasible solution while considering 
4 other criteria such as the total initial capital cost, total O&M cost, and the total NPC in addition to the COE. Table 5 
5 lists some sample results of the analyses carried out using the decision-making technique of Section 5. From this 
6 table, it can be concluded that when the weighting of COE is larger than the weighting of other criteria, case-8 is 
7 always selected as the most feasible solution. This implies that for a utility that pays a larger emphasis on reducing 
8 the on-going costs of electricity production in the life length of the project, case-8 is the most suitable option. It is 
9 also seen that when the weighting of the initial capital cost is higher than the weighting of other three criteria, 
10 case-1 becomes the preferred solution. This indicates that a utility that has a strong limit on investing money will 
11 choose to continue supplying the town with a DG only system. It can also be seen that when the weighting of NPC is 
12 larger than the weighting of other three criteria, case-7 is found to be the preferred option. For other conditions, it 
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1 Table 5. Economically most feasible solution considering a multi-criteria decision-making technique.















0.03 0.03 0.03 0.91 8 0.05 0.05 0.5 0.4 7
0.25 0.25 0 0.5 8 0.1 0.2 0.4 0.3 7
0.2 0.1 0.1 0.6 8 0.1 0.1 0.4 0.4 7
0.1 0.1 0.1 0.7 8 0.2 0.2 0.3 0.3 7
0.05 0.05 0.1 0.8 8 0.1 0.3 0.3 0.3 7
0.2 0.2 0.2 0.4 8 0.1 0.1 0.6 0.2 7
0.1 0.1 0.7 0.1 7
0.4 0.4 0.1 0.1 6 0.025 0.025 0.9 0.05 7
0.3 0.3 0.2 0.2 6 0.025 0.9 0.05 0.025 7
0.1 0.8 0.05 0.05 7
0.9 0.025 0.050 0.025 1 0.2 0.6 0.1 0.1 7
0.8 0.1 0.05 0.05 1 0.1 0.7 0.1 0.1 7
0.6 0.1 0.1 0.2 1 0.2 0.5 0.2 0.1 7
0.7 0.1 0.1 0.1 1 0.2 0.4 0.2 0.2 7
0.5 0.2 0.2 0.1 1 0.25 0.25 0.25 0.25 7
2
3 7. Conclusion and Future Work
4 Nowadays, the Australian government, utilities, and research communities are trying all together to increase 
5 the use of renewable energies. This study uses HOMER simulation software to investigate the prospects of 
6 renewable energy, and particularly the wind and solar energies, for one of WA’s remote towns, Laverton, for which 
7 the local utility is not gaining benefit for supplying electricity by an existing diesel generator. The COE, the NPC, the 
8 initial capital cost, the O&M cost, and the emissions are assessed to compare the performances of different type of 
9 hybrid models. This study utilized the real data of the electrical demand of the town, its historical wind speed, and 
10 solar radiation as well as the price of each electrical component from the Australian market. To select the most 
11 suitable standalone power system, eight different cases were considered. The studies reveal that in the current 
12 situation (i.e., supplying the demand of the town by a DG only), the COE is very high (35.8 ¢/kWh) while the 
13 customers of the town are currently charged below that (25.7 ¢/kWh). On the basis of economic analysis, it is 
14 shown that if an appropriate combination of a DG, PV system, WTs and a BES system along with a converter is 
15 considered, the COE can be decreased by approximately 30% (to 23.8 ¢/kWh), and it will closely match the current 
16 price of electrical tariff, even considering the actual annual load growth of the town. Also, the fuel consumption 
17 will be reduced about 55%, and the emissions will be more controllable. In overall, the recommended hybrid 
18 microgrid system is the most likely one in meeting the load demand of the town, and the COE is comparable to 
19 existing electricity tariff.
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1 It is noteworthy that this study had only focused on defining the most economically suitable solution for the 
2 considered remote town. In general, electricity utilities may also need to consider the reliability aspect of each 
3 system in addition to the economic analyses presented here. The discussed multi-criteria decision-making 
4 technique can then be used to select the most suitable system from both perspectives of economy and reliability 
5 (i.e., the system with high reliability and low costs). This can be considered as a future research topic.
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